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Theoretical physicists had predicted that it should be possible 
to obtain a change of wave length or frequency in the scattering of 
light before its discovery in 1928 by Professor C. V. Raman of Calcut ta, 
India. The first to predict the effect was A. Smekal (15) in 1923. 
He showed that when light of frequency v is scattered by a gas the 
scattered light must contain not only the frequency v but also 
frequencies v T 11, where v. is one of certain frequencies in 
the spectrum of the scattering gas. In 1925 H. A. Kramers and W. 
Heisenberg (9) deduced the existence of a modified scattering from 
the dispersion theory developed by Kramers on the basis of Bohr's 
correspondence principle. The existence of the effect was shown by 
M. Born, W. Heisenberg, and P. Jordan (2) to follow from the new 
Matrix Mechanics. The effect was also predicted from the Wave Mechanics 
in 1926 by E. Schroedinger (16). 
Several unsuccessful attempts were made to verify t he pre-
dictions of the theoretical peysicists prior to the discovery of t he 
effect by C. V. Raman. It is an interesting fact that while the 
investigators searching for the effect failed, the discovery was 
made by a person who was not searching far the effect. The early 
failures to observe the effect were due largely to t he fact that 
monatomic gases were used rather than polyatomic liquids. 
The following experiment carried out by C. V. Raman and K. S . 
Krishman in their study of "weak fluorescence" led to the discovery 
of the Raman effect: 
A beam of sunlight was focused by means of a 
large telescope object~ve on a pure dust free liquid 
contained in a large glass bulb. In the path of the 
incident light was placed a blue-violet color filter 
which absorbed all light of wave-length longer than 
a certain value. The scattered light was observed 
through a yellow-green filter. The two filters were 
complementary, i.e., all light transmitted by one 
filter was absorbed by the other filter. If both 
filters were placed in the path of the incident sun-
light, no light entered the liquid, and no scatter-
ed light was observed. However, with the arrange-
ment mentioned, the path of the light through the 
liquid could be seen plainly through the yellow-green 
filter. The liquid must therefore have emitted light 
of a wave-length longer than the longest wave-length 
transmitted through the blue-violet filter. Whether 
the phenomenon observed was due to fluorescence or to 
a new scattering effect could, of course , not be de-
cided from so simple an experiment. However, the fact 
that Raman and Krishman were able to observe the 
phenomenon with eighty different highly purified 
liquids, and with several vapors and gases, indicated 
strongly that they were dealing with a universal 
scattering phenomenon rather than with fluorescence. (12) 
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Since the discovery of the Raman effect many substances (5), 
(7) have been studied to determine their effect on the scattering of 
light. Although the Raman effect is essentially physical in nature , 
it comprises another means by which the behavior of atoms within 
molecules and the behavior of the molecules themselves may be deter-
mined independently of their state of a ggregation. The discovery of 
the Raman effect gave new impetus to the work of the theoretical 
physicist and was an important factor in the rapid development ma.de 
in the quantum theory since the time of its discovery. 
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INTRODUCTION 
NATURE OF RAMAN SPECTRA 
'When a beam of light passes through a material medium, some 
of the light is transmitted, some absorbed, and some diffused or 
11 scattered11 • The scattered portion is usual]y very small and is the 
result of several scattering processes . If the light ray is mere]y 
bent or its direction changed due to the interaction with t he 
material medium it is known as Rayleigh scattering. wllen the 
incident light is absorbed t hen reradiated at the same frequency we 
have resonance radiation, a type of fluorescence. Absorption of 
light by the medium followed by reradiation of light with a defi-
nite change of wave length is the Raman effect. 
The Raman effect is to be distinguished from absorption, 
fluorescence, and Rayleigh scattering. In absorption the incident 
radiation energy is usually degraded to heat or electrical energy. 
Thus the state of the atoms in the molecule rna:y be changed. Absorp-
tion takes place only if the energy of the incident light is such 
that it will be absorbed by the molecules thereby being limited to 
certain definite frequencies or narrow bands of f r equencies. In 
fluorescence the light energy, hv , of the incident radiation 
is absorbed by the ato:ms in the substance and then reradiated at 
the same or longer wave length ·(lower frequency) than the incident 
radiation. The reradiated energy is of a frequency which the 
fluorescing substance is able to absorb, with no dependence on the 
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frequency of the incident l ight (17 ). The reradiation may take 
place immediate}y or there may be a time l ag between the adsorption. 
and reradiation. Rayleigh scattering i s due to the reac t ion between 
the force fields of the atoms in the scattering substance an:l the 
i ncident radiation. The i ncident radiation is not adsorbed by the 
atoms but its -direction is changed due to the reE,ction of the force 
fields. 
No time interval of any importance has been observed between 
the absorption of the light energy , h v , and the Raman effect. The 
intensities of the Raman lines are rather weak regardless of the 
frequency of the incident light. The Raman effect is also independ-
ent of the frequency of the incident radiation . It may be stated that, 
as a rule i n f l uorescence, absorption and reradiation takes place in 
a measurable length of time , about 10-9 seconds . The energy of the 
scattered light is of the same order of magnitude as t he energy of the 
incident or absorbed light. Therefore the fol owing differences may be 
noted between the Raman effect and fluorescence: absorpt i on of incident 
light energies; the t irre required for re-emission; the relative in-
tensities of the spectral lines of the two effects; in the Raman 
effect there is a fixed frequency difference A v between the dis-
placed radiation and the incident radiation, no matter what the 
frequency of t he latter may be (17). 
Rayleigh scattering is always present in the Raman spectra 
and may be distinguished by the strong line of the spectrum of the 
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same frequency as the exciting radiation. 
To study the Raman effect, the incident light should be 
monochromatic and very intense. The Raman spectra will contain, 
besides a line of t he same frequency as the incident radiation, 
several lines of other lesser frequencies that have much weaker 
intensities. The frequency shifts observed in the Raman effect of 
the substances studied have been found to be independent of the 
frequencies of the incident light but are determined by t he t ype of 
molecules of the substance. Thus as t he frequency of the i ncident 
light is varied, the Raman shifts move along the frequency axis at 
the same rate, maintaining constant frequency differences with the 
frequency of the incident light and changing but little, if any, in 
intensity. 
RAMAN EFFECT IN TERMS OF THE QUANTUM THEORY 
The Raman effect may be explained in t erms of the quantum 
theory as follows (13):, When a photon of frequency, ' is 
11 scattered11 by an atom or molecule, the scatt ered photon has t he 
same frequency as the incident photon i f t he quantum state of t he 
atom or molecule has not been altered (Rayleigh s catter i ng). Should 
the incident photon of energy h v react with the atom or molecul e 
to change its initial energy state, E1 , to another energy state, 
E2, then the scattered photon must have a different energy , . h 11' 
if the law of conservation of energy is to hold. Thus we may write: 
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h V -r 
hence 1/ 1 = V -t-
h 
tre term E1 - E2 may be t hought of as an energy changed h A~ ' 
which the atoms may emit or absorb in t he usual way in changi ng from 
one state to another: 
'" •I' 
,.q ,.q ,.q 
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Consider a molecule in the energy state i ndicated by t he level 
A in Figure 1 to be struck by a photon of energy h V , and raised to 
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an energy state represented by d, from which transitions to energy 
l evels C and Bare not possible according to t he select ion rules of 
theory . Then Raman radiation is possible only if there exists in the 
molecule higher energy levels represented by dotted line, x, in 
Figure 1, between which and the two levels B and C transitions are 
possible . If the two levels B and C represent a family of levels, 
groups of Raman lines will be observed. 
The reaction of the molecule upon being struck by a photon may 
be either of the fallowing (11): The molecule may be raised to energy 
B then radiate the same quantum and therefore return to energy state 
A, contributing to the intensity of a spectral line of the same wave 
length as that of the incident photon; it may reradiate a quantum 
h v, = h V 
energy h A V 
- (E - R ) where E a -b a 
between the levels A and B, 
is the difference of 
contributing thereby to the 
intensity of a Raman line displaced toward the red end of the spectrum; 
or it may reradiate a quantum h Va. = h v + (Ec - Ea ) , con-
tributing thereby to the intensity of a spectra line displaced toward 
the violet . The level A represents only one of a number of possible 
energy states in which the molecule may be at the time it is struck by 
the photon. If, as usually happens, the molecule is in a low 
energy state then the probability is greater that it will reradiate 
with energy h( v - A JJ ' ) . If the original level A is relatively 
high, a more unusual circumstance for substances at ordinary teniper-
ature conditions , the probability is greater that it will reradiate 
with energy h( 11 t- Av ' ) • Therefore it is apparent that there is no 
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dependence of the Raman line intensity upon the probability of transi-
tions between levels A and B or A and c, but only on the probability 
of the transitions A x and x B or x -.:, c. 
ABSORPTION Al"\JD TRANSMISSION 
When chromatic light is passed through a certain thiclmess of 
a solid or of a liquid enclosed in a transparent cell, the intensity 
of the transmitted light may be much smaller than that of the incident 
light, owing to absorption. If the wave length of the incident light 
is changed, the amount of absorption will also change to a greater or 
lesser extent. The t erm absorption being here used to mean the de-
crease of intensity of the light as it passes through the medium. 
There are t wo kinds of absorption to be considered;, First , a substance 
shows "selective absorption11 when certain wave lengths of light are 
absorbed more than others. A substance which is transparent to the 
visible region will show such selective absorption if the observations 
are extended far enough into the infrared or t he ultraviolet region . 
"-..,._Then absorption measurements are extended over the m. ole electro-
magnetic spectrum, it is found that no substance exists which does not 
show strong absor-pti on for some wave lengths. 11 ( 8). 
In dealing with the Raman effect it is necessary to use a mono-
chromatic light of such a wave length that it does not fall in t he 
region of an absorption band of the substance being tested. Should 
the substance absorb the incident radiation it would also absorb any-
Raman lines that may be excited. 
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PRELIMINARY WORK 
The Spectroscope, Its Construction and Dispersion 
A Gaertner spectrograph with a Pellin-Broca constant deviation 
prism was available for use in t his research. In this instrument the 
collimator and telescope have a fixed deviation of ninety degrees. 
The prism table ' and prism are rotated by a micrometer screw so that 
any desired wavelength can be brought to the center of the eyepiece 
field. The micrometer screw also drives the flat, spiral scale from 
which the wavelength under the eyepiece cross-hairs may be read . In 
checking the reading of wavelengths as read from the scale with accept-
ed values of the lines as given in the Massachusetts Institute of 
Technology Wavelength Tables, it was found that the scale readings 
were not accurate and t heref ore were not used in t his work . The wave-
lengths were obtained by measuring the displacements of the lines on a 
film strip with a reading microscope and sing Hartmann's dispersion 
forI1U1la. 
Pluecker tubes of hydrogen, helium, mercury, and neon were 
used to f urnish spectra of known lines. The dispersion of the instru-
ment could be calculated f rom the distance between t wo lines on a film 
that had been exposed to one of the various light sources. The prism 
of the instrument used had a dispersion of about sixty angstroms per 
millimeter at 4358 A. 
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Spectra of Known Light Sources 
. I . I , i 
Figure 2. Spectra of l1J.ercury, Hydrogen and Helium 
Figure 2 is a print of one of the negatives made to determine 
the wavelengths of spectral lines. The large, broad band is the 
mercury arc spectrum. The upper narrow lines comprise the visible 
spectrum of hydrogen. The lower narrow band is the visible spectrum 
of helium. The mercury spectrum was studied first and each line of 
the spectrum was identified. Then by overlapping the spectrum of 
another element with the mercury spectrum, the lines of the former 
element may be determined from their devia +ion from one of the mercury 
lines. Experience will enable one to learn to be fairly exact in 
determining lines, (wavelengths). 
A considerable amount of judgment and experience is 
an invaluable aid in the identification of unknown lines 
and bands. It should be possible, with care and judge-
ment, to avoid all but infrequent errors in identifica-
tion. Above all, it must be remembered that a single 
line is rarely a good criterion of the presence of an 
atom or molecule, and that it is best to be conservative 
in identification (14). 
In the work done during this research the mercury arc spectrum 
was used far reference lines of a lmo~m spectrum. The following is a 
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list of the principal lines of t he mercury spect rum: 
TJIBLE I. LINES OF MERCURY SPECTRUM 











The mercury spectral lines are easily distinguished and give 
reference lines to all parts of t he vi ~ ble spectrum which makes it 
a good reference spectrum. 
The iron spectrum, which contains more t han one hundred f i f t y 
lines in the visible spectrum, was used to develop skill i n ident i fi-
cation., 
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Figure 3. Iron Arc Spectrum 
Figure 3 shows the spectral lines of an iron arc with a 
mercury arc spectrum superimposed. The mercury spectral lines 
are marked 11Hg 11 in Figure J. A micrometer microscope was used to 
measure the distance between each of the spectrum lines . By using 
the 4047 A, 4916 A, 5460 A lines of mercury and the distances be-
tween these lines, the dispersion of the instrument was determined 
by use of the Hartmann dispersion formula (14) . 
Linear interpolation over appropriate ranges by use of the 
following Ji.near interpolation formula will give a close approximation 
to the wavelenghth: 
A = A, -t Eq. 1 
Where A, and A i. are wavelengths of two reference lines and A is 
the unlmown wavelength . The distance between the lines, ct1 and d2, 
are the readings of the microscope. The microscope reading of un-
known line is d . 
The Hartmann Dispersion formula may be used to determine wave- -
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lengths . The use of this formula reduces the number of lines t o be 
identi fied in advance , and minimize~ t he effect of an error in the 
measurement of a standard line . For wavelength calculation, Hart-
mann ' s formula may be written: 
A = Ao -t- C d Eq . 2 
Where AO , C and d0 are constants . The constants may be found by 
taking three known lines and finding the microscope readings d of 
these lines . Three equations may then be written from which t he un-
knowns may be found by simultaneous solution. Once the co nstants are 
found they may- be used f or the rest of the interpol ation of a series 
of lines . 
d , 
The following work was performed in finding the constants Ao , 
and d 
0 
of Hartmann ' s formula : 
A1 = 5460 . 74 A 
A1 = 4916 . 036 A 
A,= 4046.561 A 
A.1- A, = 869 . 475 A d2 
A3- A, = 1414 .179 A d3 
d3 
d2 - d1 24 . 781 a = = 869 .L;l.5 A.i - A., 
d3 - dl 
b 33 . 729 = = A3 - A., 1414.179 
d3 = 38. 22 mm 
d2 = 29.272 mm 
d1 = 4 .49l mm 
- dl = 24 . 781 rmn 
- dl = 33 . 729 rrun 
d2 = 8. 948 mm 
= . 0285011069 
- .02385058751 -
Check: 
a - b = . 0046505194 
c/ d0 = d3 - d2 = 




- 1924 . 086156 
7t. 0 = A, - c/d0 = 4046.561 - 1924 . 086156 = 2122 .474844 A 
d0 = a( A~ - Ao ) = .0285011069 (4916.036 - 2122 .474844) = 79 .6196 
c = _c_ d0 : 1924 .086156 (79 . 6196) : 153194 .970l062576 do 
if d1 0 it is to be effectively reduced to zero by 
putting 
= 79 . 6196 4.57 = 84 .. 1106 
Then = Ao C 
i\. I = Ao -t- c/79.6196 = Ao+ 1924.08615 = 4046 .5609 
A2 - Ao -t- c/54.8386 = i\. () -t 2793.5609 = 4916.0357 -
A.3 = Ao + c/45 . 8906 = A" -t- 3338.2647"' 5460 . 7395 
All the lines shown in Figure 3 were measured. Then using the 
values of the constants AO , c, and d as determined in the pre-o 
ceding paragraph, the wavelength of each of the lines were calculated. 
Table II shows the calculated values of the lines, the accepted value 
as given in the M.I.T . Wavelength Tables, and the difference between 
the cal culated and accepted values of tre lines of the iron spectrum 
from 3969 A to 5789 A. 
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TABIE II. WAVELENGTH CALCULATIONS OF IRON ARC SPECTRUM 
d Calculated Accepted 
Microscope cio - d c/(d0 - d ) Wavelengt h Value of Difference 
Reading mm. 
1 1.1.30 82 .• 9806 1846.1540 3968 .6288 3969 . 261 + .632 
2 1.545 82 .5656 1855. 4333 3977 . 9081. · 3978 .464 + .556 
3 1.81.5 82 .2956 1861.5207 3983 . 9955 3984 . 935 + . 939 
4 2.362 81. 7486 1873 . 9766 3996.7214 3997 .,396 + . 675 
5 2.760 8J.t .• 3506 1883 .0291 4005 .5039 4006 .315 + .8ll 
6 3.010 81.0406 1890. 3484 4012.8232 4013.,647 + . 824 
7 3.283 80.82'76 1894.3299 4016.8047 4017 .093) + . 288 
8 3.525 80 .5856 1901.0216 4023 .4964 4024 .104 + . 608 
9 3.830 80 .2806 1908 .2442 4030.7190 4031 .. 243 + .524 
10 4.505 79. 6056 1924.4245 4046.8993 4047 .310 + .411 
11 5.215 78.8956 1941. 7428 4064 .2276 4064.450 t • 222. 
12 5 • .585 78.5256 1950. 8921 4073. 3669 4073 .450 + . 083 
13 6.092. 78 .0186 1963 • .5698 4086.0446 4086.000 - .045 
14 6.490 77 . 6206 1973. 6381 4096.0829 4095 . 976 - .107 
15 6. 943 77 .1676 1985.2239 4107 .7087 4107 .492 - . 217 
16 7.410 76.7006 1991 .. m 2 4119 .. 7860 4119.394 - .392 
17 7.945 76.1656 2011.3406 4133 .81,s 4133 .168 - .648 
18 8 .L.25 75 . 68.56 2024. 0966 4146.5714 4146.070 - .501 
19 8.835 75 .2756 2035 .1212 4157 .5960 4156. 803 - .793 I 
20 9.280 74 .8306 2047 . 2235 4169 . 6983 4168 . 946 - .752 
21 9.73.5 74 . 3756 2059.7477 4182. 2225 4181. 757 - .466 
22 10.01.5 74.0956 2067 .5313 4190 .006l 4189 .564 - .442 
23 10.324 73 . 7866 2076.1896 4198 .6644 4198 .312 - .352 
24 10.575 73 .5356 2083 . 2763 4205 . 7511 4205t546 - . 205 
25 11.000 73 .1106 2095.3865 4217 . 8613 4217 . 555 - . 306 
26 11.420 72.6906 2107.4935 4229.9687 4229 . 761 - . 208 
27 11.730 72 .3806 2ll6.5197 4238 . 9945 4238 .821 - .174 
28 12.240 71. 8706 2131..5387 4254 . 0135 4253 . 930 - .o84 
29 12.575 71.5356 2141.5207 4263 .9955 4264 . 215 + . 219 
30 12.988 71.1226 2153 .9563 4276 .4311 4276 . 678 + . 247 
31 13.305 10. 8056 2163 • .5996 4286.0744 4286 .473 .379 
32 13.690 70 .4206 2175 .1273 4297 . 9021 4298 . oL.o et .438 
33 13.730 -10 .3806 2185. 9826 4308 .4574 4309 . 380 + . 923 
34 14.145 69.9656 2189 • .5755 4312.0503 4314 . 298 -t 2 . 239 
35 14.330 69 .7806 2195 .3805 4317.8553 4319 .717 t- 1.862 
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TABLE II. (Continued) 
d Calculated Accepted 
Micros cope do - d c/(d0 - d) Wavelength Value of Difference* Reading mm 
36 14.491 69 .4196 2206.7970 4329.2718 4330.9.59 + 1. 687 
37 15.070 69.0406 2218.9113 4341.3861. 4343 . 257 +1.B71 
38 15.540 68.,5706 2234 .1203 4356.5951 4357 .574 t .979 
39 16.045 68 .0656 2250 .6959 4373 .1707 43735.590 -t .419 
40 16.118 67 .9926 2253 .112~ 4375 .5587 4376 .783 +1.224 
41 16.455 67 . 6556 2264.3354 43,86. 81.02 4387.897 + 1.087 
42 17.140 66 .9706 2287 .4958 4409.9706 4410.714 t • 743, 
43 17.392 66 .7186 2296.1358 4418 . 6106 4419.543, + .932 
44 17 .780 66.3306 2309 .5670 4Lr32.0418 4432.573 + .531 
45 18.177 65 .9336 2323 .4735 4445.9483 4446 .842 + .893 
46 18.365 65 . 7456 2330 .!J,.1.75; 4452 .5923 4453.383 t .791 
47 18.700 65 .4106 2342 .0511. 4464.5259 4464.776 + . 250 
48 18.920 65 .1906 2349 .9549 4k72.4297 4472.721 + . 291. 
49 19.113 64 .9976 2356.9327 4479 .4075 4479 . 618 + .211 
50 19.340 64 .7706 2365 .1930 4487 . 6678 4488 .132. + .464 
51 19.728 64 .3826 2379 .4467 4501.9215 4502 .598 t .677 
52 20 .130 63 . 9806 2394.3972 4516.8720 4517 .530 + .758 
53 20 .573 63 .5376 24il .0915 4533 .5663 4534.166 t .599 
54 21.150 62 .9606 2433 .187,, 4555 .6627 4556.125 t .462 
55 21.776 62 .3346 2457 .6233 4580 .0981 4580 .600 t .502. 
56 22.081 62 .0296 2469 . 7075 4592 .1823 4592 .655 t .473 
57 22.456 61 .6546 2484.7289 4607 .2037 4607 .654 + .450 
58 22.547 61.5636 2488.4017 4610 . 8765 4611. 289 ·t .413 
59 23 .601 60.5096 2531. 7465 4654 . 2213', 4654.620 + .399 
60 23 .767 60.3436 2538.7111 4661.1859 4661.186 + .351. 
61 24.045 60.0636 2550.4609 4672 . 9357 ~.67 3 .172 t . 236 
62 24.292 59 .8186 2560.9922 4683 .4670 4683 .566 + .099 
63 24.993) 59.1176 2591.3597 4713 .8345 4714.074 + .239 
64 25.320 58 . 7906 2605. 7732. 4728 . 2480 4728 .560 + . 312 
65 25.613 58 .4976 2618.8248 474l..S996 4741.533 + . 233 
66 25.971 58.1396 2634.9505 4757.4253 4757 .582 t .157 
67 26.305 57 .8056 2650.1752 4772. 6500 4772 .817 + .167 
68 26 .665 57 .4456 2666.7833 4789 . 2581 4789 .654 + .396 
69 27.339 56. 7716 2698 .4437 4820.9185 4821.047 + .128 
70 27 .584 56.5266 2710.1394 4832 .1642 4832 .730 + .116 
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TABLE I I. (Continued) 
d Calculated Accepted 
Microscope cio - d c/(d0 - d0 ) Wavelength Value of Difference* Reading mm 
71 27 . 8.53 56. 2.576 2723 .0982 4845 .5730 4845.656 + .083 
72 28 . 222 5.5 .8886 2741.0772 4863 . 5.520 4863 .655 + .103 
73 28 • .519 5.5 • .5916 2755. 721.5 4878 .1963 4878.218 t .022 
74 28 .771 55 .3396 2768 . 2702 4890. 74.50 4890 .769 +- .024 
75 29 .154 .54 .9566 2787 .5627 4910.0370 4910 .026 - .011 
76 29 .454 54 .6566 2802 .8431 4925.3179 4925.293 - .025 
77 29.863 54. 2476 2823 .9953 4946.470l 4946 .400 - .070 
78 30 .173 53 .9376 2840 . 2259 4962.7007 4962.564 - .137 
79 30 • .375- .5J. 7 356 2850 .9027 4973 . 377.5 4973 .108 - . 269 
80 30 . 670 .53 .4406 2866 .6400 4989 .1149 4988 . 963 - .152 
81 31.061 53 .0496 2887 .7686 5010. 2484 5010.029 - .214 
82 31. 213 52 .8976 2896.166.5 5018 .6413 5018.440 - .201 
83 31. 762. 52 .3486 2926.4387 5048 .9135 5048.454 - .459 
84 31. 970 52 .1406 2938 .ll29 5060 • .5:877 5060.079 - .509 
85 32 .309 51. 8016 2957 .3405 5079 .8153 5079 . 236 - .579 
86 32 .382 .51 .,7286 2961..5139 5083.,9887 5083 . 342 - .647 
87 32 . 802 .51.3086 2985 . 7562 .5108 . 2310 .5107 .452 - .779 
88 33 . 335 50 . 7756 3017 .0982 .5139 .5730 5139.260 - .310 
89 33 . 676 50.4346 3037.4974 5159 . 972~ 5159 .053 - .919 
90 33 .918 .50 .1926 3052 .1425 5174.6173 5173.599 -1.018 
91 34. 331- 49 . 7796 3077 .4648 5199 .9396 .5198.714 -1.226 
92 34.720 49 .3906 3101.7029 5224.1957 5223 .193 -1.003 
93 34 .820 49 . 2906 3107 . 9956 5230 .4704 5229 .867 - .603 
94 34 .950 49 .1606 3116. 2144 5238 .6892 5238.090 - .599 
95 35 .501 48 .6096 3151.5370 5274 .0118 5273/378 - .634 
96 36.335 47 . 77.56 3206 .5525 5329 .0273 5328 ~530 - .497 
97 36 • .520 47 • .5906 3219.0174 5341.4922 .5341.026 - .466 
98 36 .996 47 . ll46 32.51.5392 .5374.0220 5373.712 - . 310 
99 37 .4.55 46 .65.56 3283 • .5280 5406.0028 5405.778 - .225 
100 38 . 004 46 .1066 3322 .6256 5445 .1004 544.5 .037 - . 082 
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TABLE II. (Conti nued) 
d Calculated Accepted Differ-
Jvfj_croscope cio - d c/(ci - do) ."Javelength Value of ence 
Readi ng rnm 0 
101 38 .178 45 . 9326 3334 . 2122 5457 .6870 5457 .651 ~036 
102 38.772 45 .3386 3378 . 9082 5501 .3840 5501 .L~69 t .o85 
103 39.860 44 . 2506 3461. 9863 5584 .4611 5584 .760 t .299 
104 40 .306 43 .8046 3479. 2347 5619 .7095 5620 .040 t- 331 
105 42 .020 42 .0906 3639 .6480 5762 .1228 5762 .525 t .Lr02 
106 42 . 325 41.7856 3666 . 2144 5788.6892 5789 .649 t -959 
-i} ( + ) accepted value greater than calculated value 
· ( - ) accepted val ue l ess than calculated value 
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To aid in future identification of lines a curve was constructed 
showing the wavelength in A for each mm reading of the microscope . The 
wavelengths being calculated by use of the value of the constants as 
determined above and Hartmann's dispersion formula . In using a curve 
of this kind one must set the cross-hairs of the microscope on a 
reference line before taking a measurement. The following table gives 
three reference lines and setting of microscope to use when the wave -
lengths are to be read from the curve: 
TABLE III. REFERENCE LINES FOR MICROSCOPE SETTING 
Reference Microscope 
Line Setting 
4047 A Line of Hg. 4.491 mm 
4916 A fl fl fl 29.272 mm 
5460 A fl II II 18 .220 mm 
Figure 4 represents the graph of the wavelengths in angstroms 
for each mm reading of the microscope as explained above. The calcula-
tion of these lines appears in Table IV. The approximate wavelength 
of unknown linee on a negative may be determined, provided a mercury 
arc spectrum is SJ.perimpos ed on the unknown spectra. In this research 
there were always mercury spectrum lines present. These lines were 
used as reference lines so that the curve of Figure 4 could be applied. 
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TABLE IV . CONVERSION CF 1ICROSCOPE READINGS FROM mm TO A 
d 
:Microscope do - d c/(d0 - d) Calculated Reading mm Wavelength 
1 80 .6702 1765. 248 3964 .824 
2 79 . 6702 1787 .404 3986.98l 
3 78 . 6702 1810.125 4009 .701 
4 77 .6702 1833 .430 4032 .906 
5 76.6702 1857 .343 4056.919 
6 75.6702 1881. 889 4081 .465 
7 74 . 6702 1907 .091 4106 .666 
8 73 . 6702 1932.978 4132.554 
9 72 . 6702 1959 . 774 4159 .350 
10 71. 6702 1986.919 4186 .495 
11 70 .6702 2015 .034 4204.610 
12 69.6702 2043 . 957 4243 .533 
13 68 . 6702 2073.722 4273 . 298 
14 67 . 6702 2104.366 4303 . 942 
15 66 . 6702 2135 .930 4335.406 
16 65. 6702 2168 .45.5 4368 .0Jl 
17 64.6702 2201.,986 4401.562 
18 63 . 6702. 2220.864 4420 .440 
19 62.6702 2272.2.58 4471.834 
20 61.6702 2309 .103 4508 . 679 
21 60 . 6702. 2347.164 4546.740 
22 59 .6702 2386 .499 4586 .,075 
23 58 .6702 2427.176 4626.752 
24 57 . 6702 2469 . 263 4668 .839 
25 56.6702 2512 .835 4712 .411 
26 .5.5.6702 2557 . 973 ~-757 .549 
27 54 .6702 2604.762 4794 . 338 
28 53 .6702 2653 . 295 4852 . 871 
29 52 . 6702 2703 .,671 4903 .147 
JO 51.6702 2755 . 996 49.55 • .572 
31 .50 . 6702 2810 .387 5009 . 963 
32 49 , 6702 2866. 968 5066 • .544 
33 48 , 6702 2925. 874 5125 .450 
34 47,6702 2987 . 252 5186 .828 
35 46,6702 3051. 259 5250 .835 
TABLE IV. (Conti nued ) 
d 
Microscope do - d c/td0 - d) Calculated Reading mm Wavelength 
36 45 . 6702 3118.070 5317 . 646 
37 44. 6702 3187.872 5387 .448 
38 43 . 6702 3260 .871 5460.447 
39 42 . 6702 3337. 291 5536.867 
40 41.6702 3417 . 370 5616.955 
41 40.6702 3501.406 5700.982 
42 39 . 6702 3589 .669 5789 . 245 
43 38 . 6702 3682 .497 5882 .073, 
44 37.6702 3780. 253 5979 .829 
45 36.6702 3883.341 6082 . 917 
46 35 .6702 3992 . 209 6191.785 
47 34. 6702 4107 .357 6306 . 933 
48 33 . 6702 4229 .348 6428 .924 
49 32 . 6702 4358 .800 6558 .376 
5o 31. 6702 4496 .341 6695 .917 
Cal culations for determining wavelength at each mm reading 
of microscope using Hartmann 1 s formula and tbe following value for 
the constants: ~ o = 2199 .5764; c = 142402 .8821 and 
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I RON ARC 
Figure 5. Iron Arc Spectrum 

























Figure S shows the identified iron arc spectrum lines together 
with their accepted wavelengths as given in Table II. This figure was 
used in all later work for a more exact identification of unknown lines. 
The negative containing unknown lines on which the rrercury arc spectrum 
was superimposed was plac·ed in an enlarger and enlarged until the 
mercury lines coincided w"i. th the four short lines marked 11 Hg11 in 
Figure S. The lines of the iron spectrum were noted between which 
there appeared an unknown line of the substance being investigated •. 
The microscope reading of these two iron lines was then taken from 
Table II . The reading of the microscope was taken for the unknown 
line after setting the microscope on one of the reference lines given 
in Table III. By use of Hartmann's Linear Dispersion Formula, Eq. l, 
the unknown wavelength could be calculated. A1 and A 2 are the 
wavelengths of the iron spectrum above and below the unknown line;, 
d]__ and d2 are the microscope readings for A, and A,t , respectively,, 
as taken from Table II; dis the microscope reading of the unknown line 
taken as explained above .. 
Film Used and Development of Film 
All films are not equally sensitive to all regions of the 
spectrum. The region in which work is planned should first be determin-
ed and then a film procured that has its greatest sensitivity in this 
region. The work was planned to use the visible region of the spectrum 
therefore ordinary film could be used. Kodak-B film, which could be 
obtained locally in the size, 3¼ x 4¼, necessary to fit the camera 
of the spectroscope , was used in the beginning of the work . This 
film was of medium speed with a fair contrast and was sensitive to 
wavelengths from 3600 A to 5800 A. Ansco Triple-S Pan film was also 
used . This film is sensitive to the same r egion as Kodak- B film. 
Ansco Triple-S Pan has the advantage of being a faster film and there-
f ore the time of ocposure may be decreased t o obtain equal results . 
Kodak- L plates, Types 1, 4, and 5, were ordered but were not 
:immediately available . The work on this research was limited to less 
sensitive film . Type 1 is the fastest film but it has the lowest 
contrast; Type 5 i s the slowest film but it has the greatest contrast . 
Some Type 5 pl ates wer e received but were used only for iron arc 
spectra . 
Pope 's modification of D- 76 developer was first used in develop-
ing the film . This is a fast working and soft developer for better 
scale of val ues and fine grain. The film was developed in a develop -
i ng tank when using Pope ' s modification of D-76 developer . 
Tabl e V lists the chemicals used and the quantities needed 
to make a stock sol ution sufficient to develop approximately one 
hundred films . The films were developed far four and a half minutes 
at about seventy - two degr ees Fahrenheit . 
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TABLE V. POPE'S MODIFICATION OF D-76 FORMULA 
Water Not Hotter than 128° F 1.9 L 
Elon (Metol) 5.1 g 
Sodium Sulphite (.Anhydrous-desiccated) 212.5 g 
Hydroquinone 12.3 g 
Kodalk 22.0 g 
Potassium Bromide 1.25 g 
Add water to make 2.38 L 
Von-1 developer was used during the latter part of t he work to 
develop the film. This is a commercial developer that increases the 
speed of the film as nmch as fifteen times and is a fine grained 
developer. A t:irny was used for developing the film when Von-1 developer 
was used. The developing tLme was nine minutes at about seventy degrees 
Fahrenheit for this developer . No agitation was required with Von-1 
developer. Faint lines can be brought out nmch better by using this 
developer . For future work on the Raman effect Von-L developer can 
be recommended to give bstter results than the D-76 Fornmla listed 
in Table V. 
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Filters 
Optical filters are frequently used for isolating desired 
spectral regions . They are also used extensively to obtain approxi-
mately monochromatic radiation for Raman effect excitation, and to 
reduce the effect of stray radiation or undersirable spectral orders 
in dispersing systems. 
The type of optical filters that depend for their operation 
on selective absorption are desirable when working on the Raman 
effect. Selectively absorbing filters may be solids, liquids, or 
gases. Many types of colored glasses , having different selective-
absorption characteristics, are available for use as optical filters 
in the visible region . Glass filters manufactured by the Jena Optical 
Works, Corning Glass Company, Eastman Kodak Compaey, and others are 
available in wide variety and detailed data on their transmission 
characteristics may be found in the catalogues of their respective 
marmfacture. Glass filters were not used in this research as one of 
the purposes was to use, as much as possible, only available 
equipment . 
Liquid filters (including solutions) provide a greater variety 
of transmission characteristics than do selectively absorbing glasses 
(11), the chief disadvantage being that it is necessary to have suit-
able containers to hold the liquids . Windows transparent to the 
radiation to be transmitted rm1st be provided or the cells must be 
made from a material which wi.11 transmit the desired radiation . A 
great advantage of liquid filters in working on the Raman effect is 
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the fact that they can be used at the same time to help focus the 
incident light on the Raman tube . 
Gaseous filters are occasionally used to isolate spectral 
bands in the ultraviolet but are seldom used in the visible region . 
The most commonly used lines of the mercury arc spectrum are 
the blue 4358 A line, the violet 4047 A line, and the green 5461 A 
line, in the order given . The principal advantages of the 4358 A line 
are: (a) high transmissibility through many materials; (b) high 
photographic activity; (c) good exciting power; (d) most glass-
prism spectDographs have high dispersion and resolving power in this 
region; (e) there is an open region free from other lines immediatezy 
following this line of 2600 cm-1 • The violet 4047 A line has the 
disadvantage of being so close to the 4358 A line that the Raman effect 
from this line may overlap that from the 4358 A line . The 5461 A line 
is seldom used except when the substance has a high absorption in the 
blue and violet region . 
The mercury arc lamp requires radiation filters to correct the 
following faults: First, the spectral lines in the source are often 
so close together that Raman shifts excited by one line may overlap, 
thereby being concealed by another line or by Raman shifts from another 
line; Second, there is continuous as well as monochromatic radiation 
in the source . If the background has even 0.1 per cent of the intensity 
of the exciting line, the Rayleigh scattering of the background may 
mask or seriously interfere with the detection of the Raman lines . 
Table VI lists sonE of the filters that may be used in isolating 
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a s · ngl ine or n 1·educi th back round. 
T 1 fi 1 r ns d · n m t of thi work was a solution of con-
dinm njtrit and d'lute elution of Rhodamine B Dye . 
s h pr ntaee flight at each wavelength from 3500 
At 14 0 Atha i. tran rnitted bv thi solution . The solution is 
a fi lt r f r th 4 58 A line of n}:lrcury as both the 4047 A and 
1 r 
1 · n are r-reat l.Y reduced in intensity while about si.ct.y- three 
nt of h 4358 A line is transmitted . 
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TABLE VI . FILTERS THAT }'f.AY BE USED TO GIVE MONOCHROMATIC LIGHT -
FRON A MERCURY ARC SOURCE 
Filter 
Nickel-Oxide glass filter (6) 
(Corning #5874) 
Corning Noviel O glass (6) 
Dilute Solution Sodium Nitrite (6) 
Saturated Solution NaN02 (1) 
Quinine Sulphate Solution (1) 
Praseodymium Salts ( 6) 
Rhoda.mine Dye (6) 
Basic Potassium Chromate 
Solution (6) 
Cupric Sulphate (6) 
Saturated Neodymium Chloride (6) 
Iodine in CCl4 (moderately 
strong) (1) 
Iodine in cc14 (very dilute) (1) 
Cobalt Sulphocyanide Solution 
(1) 
Dilute Solution. of Sodium Salt 
of 0- Cresolphthalein (1) 
Uranine Solution (1) 
Purpose 
Isolates Hg 3650 fairly well 
Absorbs Hg 3650 
Reduces intensity of Hg 3650 
Absorbs Hg 4047 and Hg 3650 
Absorbs Hg 4047 
Clears up background from 4400 
to 4800 A 
Good filter from 4600 to 5400 A 
Filters wavelengths below 5460 A 
Absorbs wavelengths above 5460 A 
Greatly reduces intensity of 
5770 and 5790 A yellow lines 
of the mercury arc 
Absorbs Hg 4358 
Absorbs Hg 4916 to 5460 
Absorbs Hg 4358 
Absorbs Hg 4047 
Absorbs Hg 4358 
TABLE VI . (Continued) 
Filter 
Didymium Chloride Solution (1) 
M-Dinitrobenzene in Benzene (1) 
Sodium Nitrite and Rhodarnine 
B Dye Solution (3) 
Ammoniacal Solution of Copper 
Sulphate (4.4 g of Cu So4 -
5H20, adding 150 cc of 0.88 
Ammonia and making up to 1 
litre) (4) 
Wratten 2 A Filter (4) 




Weakens the continuous spectrum 
after Hg 4358 and isolates 
5460 A 
Weakens the continuous spectrum 
after Hg 4358 and isolates 5460 
A 
Reduces Hg 3650, 4047, and 4916 
but passes about 65% of Hg 4358 
Reduces wavelengths greater than 
4047 A 
Isolates 4358 A line 
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Figure 6. Sodium Nitrite-Rhodamine B Dye Filter Solution 
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ORIENTATION OF APPARATUS 
A single quartz mercury·arc lamp enclosed in a ventilated 
light-tight box containing a window was used as tbe light source dur-
ing most of the research. Later a second quartz mercury arc lamp was 
secured and thus the incident light was doubled. A filter tank contain-
ing a filter solution was placed between the light source and the Raman 
tube to obtain monochromatic light for excitation of the substance in 
the Raman tube. By proper choice of solutions in the filter tank a 
single line of the mercury spectrum could be transmitted and all other 
lines complete]y filtered out or at least greatly reduced in intensity . 
The incident monochromatic light fell upon the Raman tube perpendicular to 
the longitudinal axis of the tube. The longitudinal axis of the tube 
was placed to coincide with the focal line of a cylindrical concave 
mirror . Thus the incident light passing the tube was reflected back 
through the tube. 'When two light sources were used they were placed 
in a plane with the longitudinal axis of the tube and the cylindrical 
concave mirror was not used. 
The scattered light that passed out through the end of the 
Raman tube parallel to the longitudinal axis of the tube was focused 
upon t:te slit of the spectrograph by two convex lens. The distance 
from the end of the tube to the spectrograph slit was approximately 
one hundred forty centimeters. Figure 7 shows the orientation of 
the equipment used in obtaining Ra.man spectra when a single light 




Figure 7. Orientation of Equipment 
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The Raman spectr a were registered upon a photographic film. 
Ansco Triple S Pan, Kodak Type B, and Kodak (type V) L plates were 
used . As the Raman lines are very weak, long e.xposures were necessary. 
To keep the apparatus at a more or less uniform temperature during the 
long exposure time and to eliminate evaporation of the solu.tions in 
the filter tank and Raman tube, cooling was necessary . To maintain 
a constant temperature at approximately room temperature, air was 
continually forced through tre box built to enclose the apparatus. 
Figure 8 shows the method by which cooling was obtained. 
A twelve inch floor fan forced air up through the box as in-
dicated by the arrows . The air was allowed to escape at the top of 
the box through light- trap openings not shown in the diagram of 
Figure 8. The mercury arc lamp occupied a compartment of the box 
separated from the compartment containing the filter tank, Raman 
tube, and reflecting mirror . A window of soft glass, two by three 
inches, allowed the light from the mercury arc to pass into the 
compartment containing the Raman tube . The box was constructed 
light tight and painted black on the inside so that no stray light 
could fall upon tre slit of the spectrograph. All apparatus was 
located in a dark room and no lights other than the mercury arc 
lamps were used during the time of exposure . 
Several Raman tubes were used during the research . First, a 
tube twelve mm in diameter and seven inches long made of soft glass 
was used . The end of the tube was sealed with a piece of corex glass. 
The corex glass was used as it passes ultraviolet light with little 
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Figure 8. Ventilat ion Diagram of Equipment Housing 
absorption . Second, a tube three- fourths of an inch in diameter and 
seven inches l ong made of Pyrex glass was used . The end being sealed 
with corex glass . Third, a test tube of soft glass about twelve nun 
in diameter was used to make the Raman tube . The convex end of the 
tube was used as the end of the Raman tube from which the scattered 




Obtaining Wavelength Filters From Transmission Curves 
Raman lines secured during this research were obtained with a 
solution of concentrated sodium nitrite and Rhodamine B Dye being 
used as a filter to obtain monochromatic light to excite the lines. 
The solution used was made up by trial and error without any knowledge 
of t he transmittance characteristics of the substances. The fact that 
the 43.58 A line of mercury was prominent in the spectrum with the 4047 
A and 4916 A line being reduced in intensity made this a satisfactory 
filter. While measuring the light passing through the filter tank with 
a light meter it was accidently found that when the solution was weaken-
ed in the filter tank by replacing a portion of tre solution with water, 
the light reading of the rreter increased without any apparent change 
in the intensity relation of the lines of the spectrum. This fact 
showed the need of work to be done on transmission curves of filter 
solutions. 
Solutions were made up in varying concentrations and their 
percentage of transmittance of light at various wavelengths were 
tested . A Beckman Model DU Quartz Spectrophotometer was used in 
obtaining the transmittance curves. The object of this phase of the 
work being to obtain a solution that IDuld filter out all but a given 
wavelength from the mercury spectrum, yet at the same time pass as 
much of the original intensity of that wavelength as possible. 
In the curve of figure 13 (p. 57 ) for sodium nitrite of three 
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concentrations, one will see that weakening the concentration of the 
solution does not change the slope of the curve but lowers the wave-
length at which it begins to pass light readily. The 4047 A line of 
mercury may be passed if the concentration be sufficiently reduced. How-
ever, one would not be able to increase the concentration enough to 
filter out the 4358 A line as the upper limit would be when a saturated 
solution was reached. Gurve A is at approximately one third the saturated 
solution concentration; curve Bis at approximately one tenth saturation; 
and curve C is at one twentieth saturation. 
In arriving at a suitable filter for the 4358 A line of mercury, 
one would first observe, from the data of Tables VIII to X, which 
solutions passed the 4358 A line in the greatest amount. The solutions 
of Iodine in carbon tetrachloride of any great concentration would be 
eliminated as they absorbed most of this wavelength and passed equally 
large amounts of the wavelength below 4358 A. Sodium nitrite, and 
m- dinitrobenzene in benzene show possibilities of good filters as they 
filter out large portions of wavelengths lower than 4358 A, yet pass 
this line fairly well. One may get even better filters by changing 
the concentration from those given in the Tables. The region above 
the 4358 A line is all transmitted by these two substances so one must 
find a substance to add to the filter solution that will filter this 
end of the spectrum. Iodine in carbon tetrachloride of a concentration 
of 1 g of iodine in 200 cc of carbon tetrachloride, or a weak solution 
of Rhodamine B Dye may be used to clear up the spectrum beyond 4358 A. 
Cupric sulphate solution wi.. th a concentration greater than one gram 
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cupric sulphate to ten grams of water may be added to block out the 
red end of the spectrum. 
Filters for other lines may be arrived at in the same manner by 
having transmission curves for a number of compounds with several differ-
ent concentrations. 
The advantage of testing the filter solutions bef ore using them 
as a filter in a Raman run, lies in the greater exciting power of the 
light source. A greater exciting power will decrease the time of ex-
posure necessary to register the line on a film. With best result s, 
one may not expect to get a good Raman effect negative with an exposure 
of less than twelve hours when using a single 3000 C.P. mercury arc. 
Exposures of as high as ninety-six hours were made during this research. 
Securing Transmission Characteristics of the New Compounds 
The first and best Raman lines were secured when 2-chloro-2-
nitropropane was tested. The Raman spectrum was secured with a seventy-
two hour run. There was evidence of a great amount of background light 
(Rayleigh scattering) in the region where the Raman lines appeared but 
the lines could be recognized. The second compound, l-chloro-1-nitro-
propane, tested did not give a Raman spectrun1, even after a ninety-
six hour exposure. The background light in the region from 4400 A to 
5000 A was not removed by the filter and t he Raman lines (if any) were 
being blocked out until they could not be detected. Triethyl phosphate 
was next tested for the Raman effect with the same results as were 
obtained with l-chloro-1-nitropropane. While trying to determine why 
it was possible to secure a Raman spectrum with one substance and fail 
with others the following question was raised: \!Jhat is tbe reaction to 
light of various wavelengths of the different substances? 
In searching for an answer to the above question, it was decid-
ed to test the transmission of each of the compounds for light at various 
wavelengths. A Beckman Model DU Quartz Spectrophotometer was used to 
determine the percentage of transmission at each wavelength. The re-
sults obtained appear in Table VII and again in Figures 9 and 10 . 
By studying the curves of Figures 9 and 10, it will be noted 
that all the substances do not pass the same amount of a given wave-
length of light . Some of the compounds will not transmit light in the 
violet region of the spectrum. Table XI gives the percentage of light 
transmitted by each of the compounds in the violet and ultraviolet 
region . No light is transmitted in t his region by most of the ten 
compounds tested. 
Using the information given in the curves of Figures 9 and 10 
it can readily be explained why al the compounds did not give a Raman 
spectra wben the 4358 A line was used as the exciting source. l-chloro-
1- nitropropane, nitrocyclohexane, and dodecyltrichlorosilane all ab-
sorb a large portion of the light at 4358 A and would therefore absorb 
a large portion of any Raman lines given off. The small amount of Raman 
lines passing through the end of t he Raman tube would not be energetic 
enough to register on the film. 
The compounds that transmit nearly all the light at 4358 A, 
namely, phenyltrichlorosilane, ethyltrichlorosilane, t~iethyl 
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phosphate, and chlorobenzotrifluoride have little reaction with the 
incident light. A very long e:xposure would be necessary when using 
the 4358 A line as the source of excitation for the above compounds 
to give off enough Raman lines to register on the film. 
The transmission curves will enable one to determine the follow-
ing factors in securing Ra.man spectra of compounds: First, the regions 
of absorption of the compound can be noted so that an exciting line may 
be used that does not appear in these regions; Second, the wavelength 
of the exciting source may be chosen that -will give best results for 
each compound. The wavelength chosen should transmit between eighty 
and ninety per cent of the incident light. 
Securing Raman Spectra 
The compound being tested was put in the Ra.man tube, the end 
of which extended through the light-tight box. The Raman tube was 
in the horizontal plane with t"le slit and prism of the spectrograph. 
The spectrographic slit was approximately one hundred fifty centi-
meters from the end of the Raman tube. The light from the Raman tube 
was focused on the slit by two convex lens. The slit of the spectro-
graph was opened to a width of about two tenths of a millimeter. The 
prism was sets~ that the 4358 A line was at the cross hairs of the 
telescope. With the above adjustments completed the telescope was 
removed and the camera attachment installed. 
The camera used had an adjustment that would allow several 
pictures to be taken on the same film, When first running a sample 
43 
for Raman lines , the exposure time would be varied for three or four 
pictures on a single negative . The exposures were for six hours, 
twelve hours, eighteen hours, and twenty- four hours . Upon develop-
ment of the film it would be studied for correct exposure time. Should 
no trace of Raman lines be present and if there were no excessive back-
ground f ogging on the negative, longer runs would be tried. After a 
trace of Raman lines appeared, and if longer exposures only resulted 
i n excessive background fogging, the width of the slit was varied to 
determine if the intensity of the Raman lines could be increased . It 
was found that a slit width of about two tenths of a millimeter gave 
the best results . 
The intensity of the incident light was made as great as 
possible by use of mirrors and reflectors . The filter tank was con-
structed as narrow as possible and still filter out the undersirable 
lines. Several filter tanks made from plexiglass were used. A double 
compartment filter tank was used to hold the filter solutions. Each 
compartment was ten to twelve millimeters in thickness. A more 
satisfactory arrangsnent was later observed . The solutions used as 
a filter were mixed and contained in a single filter tank of about 
twelve millimeters thickness . 
The size of tre Raman tubes were varied to increase the number 
of atoms of the compound that were exposed to the incident light. 
Equally good results were obtained with a tube twelve millimeters in 
diameter as were obtained with tubes of one -half and three- fourths of 
an inch in diameter . 
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The evaporation that could be expected in the compartment which 
the Raman tube occupied was tested by placing several containers of 
water near the window and making a twelve hour run. One centimeter 
of water was found to have evaporated from an uncovered filter tank 
which was twelve millimeters by one hundred twenty millimeters in 
size . A covered tank of approximately the same size showed no notice-
able evaporation . Therefore, a covered filter tank and a closed 
Raman tube was used for all Raman runs . 
The light incident to the Raman tube was measured with a light 
meter . The first concentration of sodium nitrite-Rhoda.mine B Dye 
used allowed one hundred twenty foot candles of light to pass through 
the tube . Fw placing a reflecting lens around the mercury arc 
light and reducing the concentration of the Rhodamine B Dye by one 
third, a light reading of two hundred foot candles passed through 
to the tube . However, the increased light was obtained at the ex-
pense of incomplete background filtering . 
It was found advantageous to make a run of four to six hours 
without a filter tank when first trying a substance far a Raman 
spectrum .. The length of the correct eA-posure time could be approxi-
mately estimated from the negative . Later , after transnrl.ssion 
curves for the compounds were obtained, the negative of the run 
without a filter tank was used to determine which line of the 
mercury spectrum showed the greatest possibilities as an exciting 
source . :ith proper choice of filters and film, the 3650 A, 4047 A, 
or 5460 A line of the mercury spectrum could also be used as the 
exc i ting line . 
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CALCULATED TABLEb AND TRANS~ISSION CURVES 
The data obtained by use of the Beckman Model DU spectrophoto-
meter for the ten compounds used during the research appear in Table 
VII . Curves plotted from the data of Table VII are given in Figures 
9 and 10 . 
Tables VIII, IX, X, and XIII give the data obtained for 
various compounds tested that had been given in the literature as 
possible filter solutions . Figures 11 to 17 inclusive, are the 
curves plotted from the Tables VIII to X inclusive. 
Table XI gives the data on transmission percentage in the 
ultraviolet an.d violet region of the spectrum. Seven of the ten com-
pounds studied during this research were checked for light trans-
mission in this region . 
Table XII gives the data taken and calculations made to deter-
























PERCENTAGE TRANSMISSION (Based on Water Equal to 100 Per Cent Transmission) 
FOR TEN COMPOUNDS 
Chloro- 1-chloro- 2-chloro- Nitro- Trietbyl Ethyl Nonyl- Phenyl- Dodecyl-
benzotri- 1-nitro- 2-nitro- cyclo- Phosphate trichloro- trichloro- trichloro- trichloro-
fluoride propane propane hexane silane silane silane silane 
81.0 .20 . JO . oo 91.50 81.0 33.0 86 .o .5 
82 ,5 .25 .JO .10 93 ,50 85 .o 48,5 91.5 .1 
84 .5 ,30 . 32 . 20 95 .oo 84 ,8 46 .5 92 ,0 .2 
85 .2 .42 .41 . 20 96 .00 84 . 8 46 .3 92 ,0 . 2 
87 .o . 20 , 20 .10 97 .. oo 85 .2 47 ,5 92 .5 .J 
87 .2 .20 . 20 .oo 97 .so 86.,7 50 ,1 93.0 .4 
89.8 .25 .10 .40 98 .20 88 .J 55.o 93.5 .7 
90 .5 1.25 3 .40 .40 98 .50 90 .0 61.0 94.5 1.1 
91.0 4. oo 11.00 .45 98 .,60 91.5 65 .5 95 . o 2.0 
91.5 10.00 27 .00 1..08 98 . 70 93 .0 10.0 96.0 2.8 
92 .2 13 . 00 46.oo 2.50 98 .80 94 . 0 74.5 96 .5 4.o 
93 .5 32.00 73 . 00 8.50 98 . 80 95 .5 81.0 97 ,5 6.6 
95 .o 41.50 83 . 00 16.20 99 , 00 96 ,5 8L~ .5 98 .2 9.4 
95 .o 49 . 00 87 .. so 26.00 99 ,50 97 .0 87 .0 98 .5 12.5 
95 .5 55 .oo 90.00 35 .. oo 99 ,50 97 ,5 88 .5 98 .8 15.o 
95 .7 61 .. 00 91.00 42 .00 100.00 97 . 5 89 .0 99 ,0 18.0 
96 . 0 67 . 00 92.00 49 .00 100.00 97 . 8 90 .2 99,4 22 .0 
96.5 71.00 92 .50 56 .oo 100.00 97 .8 91.2 99 .8 25.o 
97 .0 76.00 93 .00 62. 00 100.00 98 .0 92 .5 100.2 30.0 

























TABLE VII. (Continued) 
Wave- Chloro- 1-chloro- 2-chloro- Nitro- Trietbyl Ethyl- Nonyl- Phenyl- Dodecyl- Anzy-1-
length benzotri- 1-nitro- 2-nitro- cyclo- Phosphate trichloro- trichloro- trichloro- trichloro- trichloro-
fluoride propane propane hexqne silane silane silane silane silane 
5000 97.5 82 .5 94.oo 72.0 · 100.0 98.1 93.5 100.7 37.0 83 . 0 
5200 97 .5 86 .5 94.75 78 .5 100.5 98.3 94.5 100.5 43.0 83.5 
5400 97.7 91.0 95 .oo 84.0 100.7 98.6 94.8 100.9 51.0 84 .o 
5600 98 .0 92 .5 95 .50 86.5 100.7 98.6 95.5 101.0 57.0 83 .5 
5800 98 .3 %.O 95 .75 88 .o 100.7 98.8 97.0 101.1 62 .5 84 . 0 
6000 98 .3 94 .8 96.00 89 . 0 100.8 98 .8 97 .2 101 .. 0 67 .5 85.o 
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TABLE VIII ., PERCENTAGE TRANSMISSION (Based on Water Equal 
t o 100 Per Cent Transmission) OF FILTERS 
(ComEounds in Solution) 
Wavelength Sodium JvI-Dinitro- Quinine 
Nitrite & Cupric benzene in Sulphate in 
Rhodamine Sulphate Benzene Ethyl Alcohol 
B Dye 
3500 o.o 95 .o o.oo o.oo 
3550 0.1 96 .0 0.03 0.07 
3600 0.2 97 .. 0 0.04 11.00 
3650 o.4 97 .0 o.o5 29 . 00 
3700 o.6 97.5 0.05 41 .00 
3750 0.3 97 .5 o.o5 48 .. o 
3800 o.4 97 . 5 o.o5 55 .o 
3850 0.4 97 .5 0 .05 60 .0 
3900 o.4 97.0 o.o6 64 .0 
3950 o.4 97 .,o 0.06 66 .o 
4000 o.4 97 .0 0.06 68 .o 
4100 12 .5 97 .0 0 •. 07 70 .0 
4200 46 .o 97 . 0 9.00 72 .0 
4300 57 .0 97 .5 58 .oo 73.,0 
4400 61.0 97 .5 79 .50 74.0 
4500 65 .o 98 .0 85 .00 77 .0 
4600 65. o 98 .. 0 86.oo 79 .0 
4700 61.0 98 . 0 86 .oo 80 .0 
4800 54.0 98 .0 87 .00 81.0 
4900 42 . ,0 98 .0 87 . 00 82.0 
5000 36 .0 97 .0 87 .00 84 .0 
5200 12 .0 94 .0 87 .00 85 .o 
5400 6.5 87 .0 87 .. oo 87 .0 
5600 4.o 75 .0 87 .50 88 . o 
5800 38 . 0 60 .0 88 .oo 90.0 
6000 75 .0 41.0 88 .oo 91 .0 
6250 81 .0 18 .0 89 .00 94 .0 
6500 82 .0 5.o 89.,50 94 .0 
7000 82.0 0.01 90 .. 00 94 .5 
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T. BIE IX . PERCENT GE TRANSli.ISSION (Based on -viat er Equal 
t o 100 Per Cent Transmission) OF FI LTERS 
(ComEounds i n Soluti on) 
avelength PJ1odamine B Dye Solution Sodi um Hitr ite Solution 
Approx. Approx . 1 g to lg to 10 1 g to 20 
lg t o 1 g to 3 cc of H20 cc of H2o cc of H20 400 cc H20 200 cc H20 
3500 8.5 3.7 l.00 l. 10 l.70 
3550 10.2 5.8 0.04 0.06 0. 06 
3600 13.0 8. o 0. 04 0.05 o.o5 
3650 20 .0 15.o 0.03 0. 04 o.o5 
3700 28 .0 24 .o o.oL 0.05 0. 06 
3750 35 .o 30.0 0.04 0.05 o.o5 
3800 39 .0 30 .5 o.o5 0.05 0.05 
3 50 hl .5 31. 0 0.05 0. 06 0. 06 
3900 42 .0 28 .0 0.05 0.06 0. 08 
3950 42.5 27.0 c .06 0. 09 3. 80 
1000 L.h.o 26.5 l.43 6.70 21. 20 
hloo 48 .5 30 .0 L, .oo 64 .00 78 . JO 
42 52.0 33 .5 89 . JO 91.00 95 .00 
... 300 60 .0 41.0 97 . 00 95 .50 r . 50 
4400 66 .o 47 .0 97 .00 96 . 00 97 . 50 
h5D 70 .0 59 .0 97 .00 96 .00 97 <>50 
600 60. 0 U .5 97 . oo 96 . 00 97 .50 
470 41.0 23 . 97 . 00 96.00 97 .50 
!...8 23.0 9.0 97 .uO 96 . 20 97 .50 
l.:.900 12.0 3. 0 97 . 70 96 . 20 97 .50 
5000 h.o l.O 98 . 00 96 .50 97 .5 
520 l.2 0.9 98 . 30 96. 60 97 .50 
51 oc 1.0 0.9 98 50 96. dO 97 .50 
5600 0.9 0.9 99 .00 n .oo 9~ • .sc 
5800 9.0 2.0 si9.no 97 .30 C r' ·~ 
r- eo. ) 65.o 99 .00 9e . ,.,o r.5u 
rr' ,-,,r c4.o Cl(. C 9 .oo 97.5 7 ·-~co 100 .0 95 .o 99 .0 98.00 97 .so 
7 () 100.0 95.o 99 .00 98 .00 97 .so 
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SODIUM NITRITE FlLTER SOLUTI ON 
CURVE CO NCEN TRAT IO N 
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Transmission Curves of Different Concentrations of 
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TABLE X. FILTERS IODINE IN CARBON TETRACHLORI DE 
Wavelength 20 cc cc14 40 cc CCl4 200 cc cc14 600 cc CCl4 to to to to 
1 g Iodine 1 g Iodine 1 g Iodine 1 g Iodine 
3500 1 . 5 20 .00 55 .oo 64 .00 
3550 2.1 24 . 50 57 .00 66 .5c 
3600 2.5 29 . 50 .59 . 00 69 .00 
3650 2. 7 34.00 61 .00 71 .00 
3700 3.0 38 •. 00 62 .00 73 .00 
3750 3. 2 42 . 00 63.50 74. 00 
3800 2. 3 46 . oo 64 .00 76 .00 
38.50 2.5 49 . 00 65 .00 11 .00 
3900 2. 9 51 .. 00 66.oo 78 . 50 
39.50 3.3 52 . 50 66 .50 79 • .50 
4000 3 .5 52 . 00 66 . 70 80 . 00 
4100 4.8 40 . 70 65 . oo 80 ~50 
4200 6.4 21 .00 57 .00 79 .00 
4300 8. 2 5.oo 44 . oo 75 . 00 
4400 9. 0 0.08 27 . 00 67 . 00 
4500 8 • .5 0.05 12 . 50 55 . 00 
4600 6. 8 0. 05 4.00 41.00 
4700 4 .4 0.04 1.40 28 .00 
4800 2.8 0 . 04 0.07 18 .00 
4900 1 .8 o.o4 0.06 12 .00 
5000 1.3 Oo04 0.06 8.10 
5200 1.0 0.04 0.05 6. 20 
.5400 2.1 0.03 0.05 9.Lo 
5600 5. 8 0 • .02 0 .06 20 .50 
5800 11 . 0 0.02 3. 70 42 .00 
6000 32 . 0 0.02 17 . 00 62 .00 
6250 45 .o 1.40 39 . 00 77 .oo 
6500 53 . 0 3. 90 47 .00 80.00 
7000 61.0 10 . 00 56 • .50 85 .00 
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TABI.E XI. PERCENTAGE TRANSMISSION FOR SEVEN OF THE TEN COI-iPOUNDS 
IN THE ULTRAVIOI.ET REGION 
Wavelength Amyl- Triet hyl 1-Chloro- 2-Chloro- Nitro- Chloro- Dodecyl-
trichl oro- Phosphate 1-nitro- 2-nitro- cyclo- benzotri- trichl orc 
silane propane propane hexane fluoride silane 
2500 o.o o.o o.o o.o o.o o.o o.o 
2520 o.o o.o o.o o.o o.o o.o o.o 
2540 o.o o.o o.o o.o o.o o.o o.o 
2560 o.o o.o o.o o.o o.o o.o o.o 
2580 o.o o.o o.o o.o o.o o.o o.o 
2600 o.o o.o o.o o.o o.o o.o o.o 
2620 o.o o.o o.o o.o o.o o.o o.o 
2640 0.1 o.o o.o o.o o.o o.o o.o 
2660 o.4 o.o o.o o.o o.o o.o o.o 
2680 0.3 o.o o.o o.o o.o o.o 0.0 
2700 o.4 o.o O~O o.o o.o o.o o.o 
2720 o.4 o.o o.o o.o o.o o.o o.o 
2740 o.4 o.o o.o o.o o.o o.o o.o 
2760 o •. 4 o.o o.o o.o o.o o.o o.o 
2780 o.4 o.o o.o o.o o.o o.o o.o 
2800 o.6 o.o o.o o.o o.o o.o o.o 
2820 1.,5 0.1 o.o o.o o.o o.o o.o 
2840 2.5 o.5 o.o o.o o.o o.o o.o 
2860 3.2 o.8 o.o o.o o.o o.o o.o 
2880 3.8 1.1 o.o o.o o.o o.o o.o 
2900 4.2 1.5 o.o o.o o.o O~l o.o 
2920 4.7 2.2 o.o o.o o.o 0.2 o.o 
2940 5.2 3.0 o.o o.o o.o 1.2 o.o 
2960 5.5 6.9 o.o o.o o.o 4.1 o.o 
2980 5.8 9.8 o.o o.o o.o 8.o o.o 
3000 6.3 15.4 o.o o.o o.o 10.8 o.o 
3040 7.6 20 .0 o.o o.o o.o 15.9 o.o 
3080 9.1 29 .0 o.o o.o o.o 21.2 o.o 
3120 11 .. 2 47 .0 o.o o.o o.o 27 .0 o.o 
3160 13.5 55 .o o.o o.o o.o 33.0 o.o 
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TABLE XI . (Continued) 
Wavelength Amyl- Triethyl 1-Chloro- 2-Chloro- Nitro- Chloro- Dodecyl.-
trichloro- Phosphate 1-nitro- 2-nitro- cycle- benzotri -Trichloro-
silane propane propane hexane fluoride silane 
3200 16 .5 62.0 o.o o.o o.o 39 .4 o.o 
3250 20 .0 68 .o o.o o.o o.o 46.5 o.o 
3300 24 . o 73 .0 o.o o.o o.o 52 .9 o.o 
3350 29 .0 78 .o o.o o.o o.o 58.5 o.o 
3400 33.0 81.0 o.o o.o o.o 63.0 o.o 
3450 36.0 83 . 5 o.o o.o o.o 69 .0 o.o 
3500 37--0 86 .o o.o 0.1 o.o 76 .0 o.o 
TABLE XII 
RA11AN LINE CALCUIA TIO NS FOR 2-CHLOR0-2-NITROPROPANE 
A1 ). .'l. d d1 A-2-A,(J-J,} Wave No. A 
I A) 
L] 1/ 
4419.534 4432.573 17 • .51925 17.41908 17.79525 3.46975 4423.00375 22609.0505 10.5.9677 
4464.776 4472.721 18.72035 18.70698 18.92808 o.48044 4465.25644 22395.1303 3l9.8879 
4488 .132 4502 .598 19.47505 19.35271 19.74630 4.49648 4492.62848 22258.6845 456 .3337 
4517 .530 4534.166 20054255 20.14758 20.58880 14.89217 4532.42217 22063 . 2580 651 .7602 
4611.289 4654.620 22.87605 22.55720 23.61053 13.11658 4624.40588 21624.3994 1090. 6188 
4611.289 4654.620 23.46295 22.55720 23.61053 37.2.5998 4648 • .54898 21$U .. 089.1- 1202 . 929 l 
4673 .172 4683.566 2/..i .0615..J 24.05056 24.29431 o.46864 4673.64064 21376.5958 1338.4224 
TABLE XIII . PERCENTAGE TRANSMISSION FOR THREE CONCENTRATIONS 
OF A . 2 N SOLUTION OF IODINE IN POTASSilJIVI IODIDE 
DILUTED .vITH WATER 
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Wavelength 1 cc I 2 in KI 1 cc I 2 in KI 1 cc 12 in KI 
to 5 cc H20 to 50 cc H20 to 10 cc H20 
3600 0.2 o.4o o.4 
3700 0.3 o.5o o.5 
3800 o.5 0.60 o.6 
3900 o.5 o.65 o.6 
4000 o.6 0.70 0.7 
4100 0.7 0.15 o.8 
4200 o.8 o.85 0.1 
4300 o.8 0. 92 1.5 
4400 0.7 0.80 2.2 
4500 0.7 0. 80 3.8 
4600 0.7 0.80 7 . 1 
4700 0.1 o.so 12 .3 
4800 0.1 1.30 20 .0 
4900 0.1 3.00 28 .0 
5000 0.7 6.50 36.5 
5200 1.6 16. 00 52 .0 
5400 3.6 26 .00 64 .o 
5600 7.5 38 .00 75 .0 
5800 17 .0 52 .00 82 o5 
6000 32 .0 66 . oo 88 .5 
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RESULTS AND CONCLUSIONS 
Ten compounds were investigated for the Raman effect . A Raman 
spectrurn was secured for on]ly one of the compounds, namely, 2- chloro-
2-nitropropane . Failure to obtain the proper monochrow~tic light to 
excite the Ra.man frequencies was one of tte principal reasons for not 
obtaining Raman spectra of other compounds . Special film was not 
available and therefore the investigation was limited to the visible 
region of the spectrum. Three of the ten compounds absorb fifty per 
cent or more of the incident light at 43.58 A. Four of the ten com-
pounds transmit light freely at 43.58 A and therefore few Raman 
frequencies were produced . 
The following list includes the observations made for each com-
pound and recommendations for future work on the Raman effect of each 
compound: 
2- Chloro- 2-Nitropropane 
A Raman Spectrum was obtained for this compound when using the 
43.58 A line for excitation . The seven Raman shifts sho~m in Table XII 
were observed. A filter tank of two compartments containing concentrated 
sodium nitrite and Rhodamine B Dye was used. The light source was a 
single 3000 C. P. quartz.. mercury arc lamp . An exposure time of seventy-
two hours was required . The spectrographic slit _was set at 0 . 2 mm. 
The Raman spectra was secured on Ansco Triple S Pan film which was 
developed in Von-1 developer . Four different negatives showed the 
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Raman lines but not as intense as the one used for the measurements 
shown in Table XII . 
Phenyltrichlorosilane 
A Raman spectrum was not secured for this compound. A run of 
twenty-four hours without a filter indicated Raman lines could be 
obtained with the 4047 A line for excitation . Two quartz mercury 
arc lamps were used during the run . Ansco Triple S Pan film was used . 
There was heavy- background fogging in the region from approximately 
4100 A to 4800 A and in the region of 5460 A... Any Raman lines that 
might have been given off by the 4358 A or 5460 A line could not be 
detected because of the fogging in these regions . Faint indications 
of lines believed to have been excited by the 3650 A line showed on 
the negative . Due to the low sensitivity of the film used in this 
region tbe lines did not appear on al 1 negatives. Because of the 
inconsistency of appearance of these lines they were not reported as 
definite Raman shifts . 
The following recommendations are made for future inrk on se-
curing Raman spectra of the compound: (a) Use the 40L~7 A or 3650 A 
line of the mercury spectrum for excitation of the Raman tube; (b) 
Kodak type 1-0 or type 3-0 plates should be secured for use of the 
3650 A line as the exciting source; (c) Ansco Triple S Pan film 
may be used when the 4047 A line is used for excitation; (d) An 
exposure time of thirty- six t o forty- eight hours with two 3000 C. P. 
mercury arc lamps shoul d produce satisfactory results; (e) The filter 
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used should be carefully chosen so on.Js" monochromatic light of maxiUJn 
intensity falls on the Raman tube . 
Triethyl Phosphate 
Runs of twenty- four to ninety-six hours failed to produce any 
indication of Raman 1 i..nes . The light source, filter, and film was 
the same as used for 2- chloro-2-nitropropane. The longer runs, 
seventy-two and ninety-six hours, produced background fogging . The 
Raman lines, if any, that may have been present could not be observ-
ed because of the fogging. 
From the transmission curves of figures 9 and 1.0.,, it can be 
seen that this compound ha.s about the same transmission characteristics 
as phenyltrichlorosilane. The recommendations given for phenyl.tri-
chlorosilane are recommended for this compound also. 
Ethyltrichlorosilane 
Very faint Raman lines were obtained using a single mercury 
arc without a filter. The e:xposure time was twenty-four hours . The 
trace of the lines appeared in the neighborhood of the 4047 A line~ 
Longer exposures only increased the background fogging and blocked 
out any trace of Raman lines . Using the single mercury arc lamp 
and a filter of sodium nitrite and Rhodamine B Dye produced no Raman 
lines . 
The sarre recommendations are given for this compound as were 
given far phenyltrichlorosilane . 
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Chlorobenzotrifluoride 
All Raman runs with this compound were negative . Excessive 
background fogging obscured the Raman lines, if any, that may 
have been excited . Monochromatic light of 43.58 A was used as the 
exciting source in all the runs made with this compound. Back-
ground fogging began to appear after thirty hours of e:xposure ., The 
longer the e:xposure the greater the fogging. 
The transmission curves, Figure 10, indicate that the 
36.50 A line would probab1y give the best results for this compound. 
It is therefore recommended that the 36.50 A line, Kodak Type 1- 0 
film, and two or more 3000 C. P. :rrercury arc lamps be used in try-
ing to obtain a Raman spectrum. of this compound. 
1-Chloro-l-Nitropropane 
All Raman runs with this compound failed to show any Raman 
lines. Exposure with and without a f j lter gave an excessive back-
ground fogging from 4100 A to .5000 A.. Runs with a single mercury 
arc light were made of thirteen, eighteen, and twenty-four hours . 
The longer the run the more intense the background became~ 
The transmission curves of Figure 10 shows o~ a little over 
fifty per cert transmission at 43.58 A. This compound would therefore 
r eadily absorb the Raman frequencies that were excited. The few 
Raman frequencies that were able to escape were not energetic 
enough to register on the film . One would want a larger trans-
mission pBr centage to secure a Raman spectrum. 
Recommendations for future work with this compound are as 
follows: (a) Use the 5460 A line of the mercury spectrum as the 
exciting source; (b) Secure Kodak Type 111-B plates for use when 
working in this region; (c) Secure a good filter for the 5460 A 
line so the background fogging may be eliminated. 
Nitrocyclohexane 
68 
A single mercury arc light arrl filter of concentrated sodium 
nitrite and Rhodamine B Dye in a two compartment filter tank were 
used in trying for a Raman spectrun1 of this compound. The 4358 A 
line was used as the exciting line . All results were negative . An 
inspection of the transmission curves of Figure 10 will explain why 
the results were negative . Seventy-five per cent of the light at 
4300 A was absorbed so one could expect an equal absorption of Raman 
lines in the neighborhood . 
The 5460 A line as the exciting source and Kodak Type 111-B 
plates are recommended for future work in trying to obtain the 
Raman spectrum of this compound. 
Arey"ltrichlorosilane 
Runs 01 twelve and eighteen hours with a filter solution of 
sodium nitrite and Rhodamine B Dye in a tank 12 mm thick failed to 
give any indication of Raman lines . A run of twenty- four hours with-
out a filter tank also failed to produce Raman lines . 
69 
lirom a study of the transmission curves of Figure 9 the follow -
ing rec onnnendations for future work on this compound are given: 
First : Try the 5460 A line as the exciting line with Kodak 
Type 111-B plates . 
Second: Secure a good filter for the 4358 A line am give 
an exposure of forty - eight hours or mare with two mercury arc 
lamps. Ansco Triple S Pan film will print well in this region . 
Dodecyltrichlorosilane 
All tries for Raman lines with this compound failed to show any 
indication of Rrunan lines . The runs with a filter and without a filt-
er were void of Raman lines . The transmission curve of Figure 9 
shows onzy about fourteen per cent transmission at 4358 A and about 
fifty-two per cent at 5460 A. The Raman lines would be absorbed 
before they were able to escape through the end of the tube. The 
few that did pass through the tube would not register on the film . 
The only recommendation tha:t could be made far this compound would 
be to have a very, very intense light source. The 5460 A line 
should be used as tl'E exciting line. 
Nonyltrichlorosilane 
Little work was done with this compound. A run of eight hours, 
twelve hours, and twenty- four hours failed to give an indication of 
Raman lines . Two quartz mercury arc lamps were used as light sources . 
A filt er was not used . This compound has about the same percentage 
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transmission as 2-chloro-2-nitropropane at 4358 A. A Raman spectrum: 
should be obtained with the 4358 A line as the exciting source and a 
good filter for the 4358 A line. 
RECOlVrt-'IENDAT IONS FOR FUTURE i ORK 
The following reco'11.Iflendations are given in hopes of aiding 
someone in the future who may undertake the problem of securing Raman 
spectra: 
First: Secure a Raman tube of approximately twelve mm in 
diameter and four or five inches in length, with a jacket around 
it of at least ten l11ITl to contain the filter solution . The filter 
solution will then also aid in focusing the incident light on the 
substance in the Haman tube . 
Figure 18. Cross Section of Recommended Raman Tube 
Second: Obtain transmission curves of the substances to be 
tested before a Raman run is made . Study the curves to determine 
which line of the mercury spectrum would be the best as an exciting 
line . If it is impossible to obtain transmission curves a Raman run 
may be made w~thout a filter and the negative studied for best possible 
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exciting line. 
Third: Secure as early in the research as possible a supply 
of film best suited for the violet, visible, and red end of the 
spectrum. As film for the violet and red end of the spectrum will 
have to be ordered it will take time to obtain them so if an estimate 
is made of the number needed, and if they are then secured, much 
inconvenience will be eliminated. 
Fourth:. Obtain and have available a filter solution or 
glass filters for each of the principal lines in the spectrum of 
the source of light. 
Fifth: Use Von-1 developer to develop all film and plates 
as it increases the speed of the film as much as fifteen times and 
is a fine grain developer. There may be other fast developers avail-
able on the market but the writer does not know of them. 
Sixth: Plan to use as intense a light source as possible. 
Two or more 3000 C.. P. mercury arc lights will shorten the time 
required for exposure in obtaining Rrunan lines. 
72 
BIBLIOGRAPHY 
1. Bhagavantom, S., The Scattering of Light and The Effect . 
Brooklyn, New York: Chemical Publishing Company, Inc . , 
1942 . Pp., 247 . 
2. Born, M. , W. Heisenberg , P. Jordan: "Zur Quantenmechanik11 , 
Zeitschrift F . Physik, 35: 572; 1926. 
3. Braun, W. G .. , N. R., Fenske, "Raman Spectra11 , Analytical 
Chemistry, 22: 11- Jli., January, 1950. 
4. Chandler, ·c. , Practical Spectroscopy. Glasgow, Scotland: 
Robert Maclehose & Co. Ltd. Hilger Division, 1949 . Pp . 
J.41.i . 
5. Glocld.er, George , "The Raman Eff ectn, Review of Nodern Physics, 
15: 111-173, April, 1943 . 
6. Harrison, George R., Richard C. Lord, John R. Loofbourow, 
Practical Spectroscopy. New York: Prentice- Hall, Inc., 
1948 . Pp . 511. 
7. Hibben, James H. , The Ram.an Effect and 1ts Chemical Applications . 
New York : Reinhold Publishing Corporation, 1939. 544 pp . 
73 
8. Jenkens, Francis A., Harvey E. White, Fundamentals of Optics. 
New York: McGraw-Hill Book Company, Inc., 1950. Pp. 450-
456 .. 
9. Kramers, H. A., W. Heisenberg; 11Uber die Streuung von Strahlung 
durch Atorre 11 , Zeitschrift F. Pbysik: 31, 681; 1925. 
10. Massachusetts Institute of Technology, Spectroscopy Laboratory, 
Wavelength Tables. The Technology Press, Massachusetts 
Institute of Technology, New York: J. Wiley and Sons , 
1939. 429 pp. 
Tables with intensities in arc, spark, or discharge 
tube of more than 100 ,,000 spectrum lines, most strongly 
emitted by the atomic elements under normal conditions 
between 10,000 A and 2000 A. Arranged in order of de-
creasing wavelengths. Measured and compiled under the 
direction of George R. Harrison. 
11. Monk, George S ., Light Principle; am. fa.:periments. New York 
and London: McGraw-Hill Book Company, 1937. Pp~ 295-297; 
414-41.5. 
12. Nielsen, J. Rud, 11 The Raman Effect11 , School Science and 
Mathematics, 40: 581; June, 1929. 
13. Richtrey-er, F. K.,, E. H .. Kennard, Introduction to Modern 
Physics. New York~ McGraw-Hill Book Company,' Inc., 1950. 
Pp. 450-456. 
J.4. Sawyer, Ralph A., 
Prentice-Hall, 
Experimental Spectroscopy. New York: 
Inc., 195l. Pp. 253, 236-245. 
15. Smekal, A., Naturwissenschaften, 11: 873; 1923. 
16. Schroedinger, E., 11 Quantiserung als Eigenwert Problem11 , 
Annalen P. Physik, 81: 109; l926. 
74 
l7. Wood, R. w •. , Physical Optics. New York: The J\acMillian 
Company, 1934. Pp. 444-468. 
